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Accumulating data indicate the importance of fire in rangeland systems. Mowing is a common man-
agement technique sometimes considered a surrogate for fire. However, direct comparisons of fire and
mowing effects are limited. Our objective was to determine whether mowing can substitute for fire in
rangeland by comparing effects on plant biomass, composition, cover, soil nutrients, and forage quality.
Three disturbance treatments (nontreated control, spring mowing with clipping removal, and spring fire)
were randomly assigned to 21 plots (5 = 5 m} each on silty and claypan ecological sites in a completely
randomized design, with seven replications per site. Current-yr biomass was similar among control,
mowed, and burned treatments (1 003, 974, 1 022 1 64 kg ® ha'). Mowing shifted functional group
composition by reducing C3 perennial grass 12% and increasing forbs 8%, Non-native species were a
larger component of mowed (12%) than control (6%) or burned plots {4%). Fire increased bare ground 35%,
reduced litter 32%, and eliminated previous yrs’ growth the ficst growing season, Plant-available soil N
and § more than doubled with fire, and there was a trend for more P in burned plots. Mowing effects
were limited to a trend for less soil Fe. Mowing affected 42% of the forage quality variables with a 2%
average improvement across all variables. Fire affected 84% of the variables, with a 12% average
improvement. Mowing increased forage P and K, whereas fire increased forage concentrations of N, K, P,
S, Mg, Fe, Mn, and Cu. Total digestible nutrients increased 1.1% with mowing and 2.1% with fire. In vitro
dry matter disappearance increased 2.2% with mowing and 6.7% with fire. Burned plots had greater in
vitro fermentation than controls or mowed plots. Although mowing can be a useful management tool, it
is not a substitute for the ecological effects of rangeland fire.

Published by Elsevier Inc. on behalf of The Society for Range Management.

Introduction

the soil surface. Therefore, it is occasionally suggested that some
fire effects can be mimicked with high-intensity, short-term graz-

Land managers are becoming more aware of the benefits of
prescribed fire. However, people are commonly hesitant to begin a
burning program because they lack experience applying prescribed
fire. Among the mechanisms believed to cause fire effects are
nonselective biomass removal and increased light availability near
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ing or mowing.

Land managers in rangeland ecosystems recognize the restora-
tion of certain ecological processes (e.g., fire, livestock grazing) as
an efficient strategy for improving and maintaining rangeland plant
community structure and function (Wright and Bailey, 1982; Mil-
chunas et al., 1988). The effect of fire and grazing on rangelands
varies by ecosystem, as some rangeland plant communities are
more resilient to fire or grazing (Wright and Bailey, 1982). Pre-
scribed fire and grazing have been used in tandem in tallgrass
prairie to enhance forage quality, improve livestock weight gain,
reduce woody encroachment, improve wildlife habitat, and in-
crease plant diversity {(Hobbs et al, 1991; Collins et al., 1998; Fuh-
lendorf and Engle, 2004; Joern, 2005; Scasta et al., 2016). Relative to
tallgrass prairie, sagebrush steppe rangeland is more susceptible to
damage from fire and grazing (Mack and Thompson, 1982; Wright
and Bailey, 1982; Chambers et al., 2014). However, prescribed fire
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and grazing may still be used in the sagebrush steppe ecosystem to
maintain productive native plant communities (Davies et al., 2010;
Davies et al., 2016). Whether used individually or in combination,
fire and grazing are valuable land management tools that can be
used to fulfill various ecosystem management objectives (I'Gyry
et al., 2004; Fuhlendorf et al., 2009; Pyke et al., 2010).

Fire and grazing share certain ecological characteristics; both
processes remove plant biomass, convert plant material to biotic
and abiotic materials, and have the potential to alter ecosystem
properties, including nutrient dynamics, plant production, and di-
versity (Howe, 1995; Colltns et al.. 1998; Hart and Ashby, 1998; Wan
et al, 2001; Koerner and Collins, 2014). Fire has the potential to
produce direct plant mortality in certain species, particularly an-
nuals, and improve overall forage quality of a plant community
{Vermeire and Rinella, 2009; Strong et al., 2013; Dufek et al., 2014).
Furthermore, fire differs from grazing in that fire does not choose
what plants to “consume,” does not have nutrient requirements,
removes plant biomass at a relatively uniform utilization level
(Bond and Keeley, 2005), and can have direct effects on the animal
community (Branson and Vermelre, 2015), In contrast, grazing may
cause direct fluctuations in plant community composition and
indirectly alter forage quality {Taylor ct al., 1993; Vermeire et al,
1008). Hulburt (1988) suggested clipping and fire largely had
similar effects in tallgrass prairie in that both increase soil tem-
perature and increase light intensity at the soil surface. However,
biomass and reproductive culm density were positively related to
nitrogen addition, which is associated with fire. Therefore, while
fire and grazing share similar physiognomy, both have the pro-
clivity to set plant communities on distinct ecological trajectories.

Mechanical removal {mowing) of vegetation shares character-
istics with fire and grazing {uniform utilization and incomplete
vegetation removal) and has been used to test for differences be-
tween defoliation mechanisms (Cox, 1988; Moog et al, 2012,
Fidelis et al., 2012). Mowing requires less planning than livestock
grazing and prescribed fire and may reduce risk compared with fire.
Another benefit is the relative ease of mowing applications, which
makes it an attractive vegetation management alternative to live-
stock grazing or prescribed fire. However, as outlined previously,
fire and grazing are unique ecological processes and mowing may
not reasonably mimic or have the magnitude of effects that the
restoration of fire or grazing could have on a rangeland ecosystem
(Lodge, 1560; Prober et al., 2008; Kitchen et al.,, 2009; Pyke et al.,
2014},

The objectives of this study were to 1) describe spring mowing
and spring prescribed fire effects on plant biomass, composition,
cover, soil nutrients, and forage quality; and 2} to contrast the two
treatmernits to each other and nontreated control plots and deter-
mine whether mowing is a suitable substitute for fire in rangeland.
We hypothesized that spring fire 1) reduces annual grasses and
forbs, 2} reduces litter and increases bare ground, 3) increases soil
nutrient availability, and 4) increases forage quality to a greater
extent than spring mowing.

Methods
Study Area

Research was conducted on the Fort Keogh Livestock and Range
Research Laboratory (46°23/32"N, 105°57°09”W; 809 m above sea
level), near Miles City. Montana. The vegetation type is northern
mixed prairie. The climate is semiarid, with 341 mm average annual
precipitation, 110- to 135-d freeze-free period, and temperatures
ranging from —40°C to 38°C. About 90% of annual net primary
production occurs by 1 July (Vermeire et al., 2009) and is most
affected by April and May precipitation (Vermeire et al., 2008),
April - May precipitation was 69% (57.6 mm) and 208% (172.5 mm}

of the 78-yr median {§3.1 mm) during 2015 and 2016, respectively.
The study period was warmer than the 78-yr average spring (13.5°C
+ 1.3°%) and summer temperatures (20.8°C + 1.2°C), with spring
temperatures of 13.9°C and 15.1°C and summer temperatures of
21.6°C and 21.1°C during 2015 and 2016, respectively.

The study sites were level uplands on Pinehill loam (fine,
montmorillonitic Typic Eutroboralfs} and a complex of Gerdrum
clay loam (fine, smectitic, frigid Torrertic Natrustalfs) and Creed
loam (fine, smectitic, frigid Aridic Natrustalfs) soils. All three soils
are deep and well drained. The Pinehill loam is classified as a
silty ecological site, and the complex is classified as a claypan
ecological site. Distance between sites was 1.4 km. Vegetation
was dominated by C3; perennial grasses Pascopyrum smithii
{Rydb.} A. Love and Hesperostipa comata (Trin. & Rupr.) Bark-
worth and the C4 perennial grass Bouteloua gracilis (Willd, Ex
Kunth) Lag. ex Griffiths. Annual grasses were Bromus japonicus
Thunb., B. tectorum L., and Vulpia octoflora {(Walter) Rydb. Arte-
misia frigida Willd. was the primary subshrub. The most common
forbs were annuals Logfia arvensis (L.) Holub, Tragopogon dubius
Scop. and Plantago patagonica Jacq., and the perennial Sphaeralcea
coccinea (Nutt.) Rydb.

Experimental Design

A 0.2-ha site was selected from each, a silty and claypan
ecological site. Within each site, three disturbance treatments were
randomly assigned to 21 plots (5 x 5 m with 1- to 3.5-m buffers) in
a completely randomized design, resulting in seven replications of
each disturbance treatment per site. Treatments were nontreated
control, mowing, and fire. Mowing occurred 11 May 2015 with a
cutting height of 6 cm, and cut material was bagged and removed
from the plots. The mowing treatment was designed to remove
miost of the standing dead material rather than shred it and would
be most representative of haying with a severe cutting height or
severe flash grazing, minus animal inputs. Fires were applied 8 May
2015 with ambient temperature of 10.7°C, 44% relative humidity,
and 5.5 m-s~' wind. Two K-type thermocouples (Omega Engi-
neering, Inc., Stamford, CT) were placed in the crowns of plants in
each plot, and fire temperature data were recorded each second
with HOBO U12 |}, K. S, T Thermocouple Data Loggers {Onset
Computer Corporation, Bourne, MA) to develop time-temperature
profiles and quantify heat dosage of fire treatment. Mean recorded
fire variables for clayey and silty sites were maximum temperatute
of 202°C and 293°C + 25°C; duration of lethal temperature of 69°C
and 173 £ 13 s > 60°C; and heat dosage of 3 598°C and 13 431°C .
1479°C . s > 60°C, respectively.

Sampling

Plant biomass and cover were measured during mid-July of 2015
and 2016, near peak standing crop. Biomass was estimated by
clipping three randomly placed 0.1 -m? quadrats to ground level in
each 5 x 5 m plot. Samples were dried to a constant weight at 60°C
and weighed. Samples were then sorted by current-yr growth and
previous yrs’ growth (old dead mass) and reweighed. The point-
intercept method was used to measure basal and canopy cover,
with readings every 20 cm along two 4.8-m transects in each plot.
Basal cover was used to estimate bare ground and litter cover and
canopy, and basal hits were used to calculate species composition,
richness, Simpson’s diversity (1-D), and Shannon-Weiner diversity
index {H'). Species data were combined to represent four functional
groups—C; perennial grasses, C4 perennial grasses, forbs, annual
grasses—and a fifth group, non-native species across functional
groups.

Seil nutrient concentrations of total nitrogen (N), nitrate (NO3).
ammonium (NH4), phosphorus (P), potassium{K), boron (B),
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calcium (Ca), copper (Cu), iron (Fe), magnesium {Mg), manganese
{Mn), sulfur (S), and zinc {Zn) were estimated using cation and
anion pairs of ion exchange probes {Plant Root Simulator probes
[PRS probes], Western Ag Innovations, Saskatoon, Saskatchewan,
Canada). Probes (containing a 17.5-cm? resin membrane) were
placed vertically 2 cm below the soil surface on 20 May 2015 and
extracted 15 July 2015. Three cationfanion pairs of probes were
randomly placed in each plot (42 plots x 3 probe pairs = 2 probes
per pair = 252 total probes). After removal, probes were cleaned
with deionized water and shipped to Western Ag Innovations.
Probes were analyzed colorimetrically to determine nutrient con-
centrations with an autoanalyzer after extraction with 0.5 M HCI.
During June and july 2015, 20 g of P. smithii and 20 g of B. gracilis
current-yr growth were collected from each plot to assess forage
quality (42 plots x 2 species x 2 mo = 168 total forage samples).
These species were selected because they are dominant C3 and C4
species in the region and prominent forage species. Forage quality
tests were limited to current-yr growth of the two species because
treatments were expected to alter species composition and the
proportion of old dead mass, both of which could have confounding
effects on forage quality interpretations. Samples were transported
to the laboratory in a cooler and frozen at —4°C. Frozen samples
were lyophilized for 72 h and ground to pass a 2-mm sieve. Ground
samples were analyzed for dry matter (DM), in vitro dry matter
disappearance (IVDMD), NDF (Goering and Van Soest, 1970), in
vitro neutral detergent fiber disappearance (IVNDFD), and gas
production (Menke et ab, 1979). In vitro gas production variables
were derived from the exponential equation G = A (1-expl-k(t-
Lag}]) using GraphPad Prism (GraphPad Software, San Diego, CA),
where G {mL g~ ! OM) represents total gas production, A (mL g~ !
OM) represents the asymptotic (maximum) gas production (AGP), k
(h~ '} is the fractional fermentation rate, Lag (time in h) is time
between introduction of the inoculum and the onset of gas pro-
duction, and ¢ (h) is the gas reading time (France et al, 2000).
Approximately 10 g of ground sample from each plot were sent to
an independent commercial laboratory for analyses of crude pro-
tein {combustion method), acid detergent fiber (ADF, Ankom Alter
bag technique}), total digestible nutrients (TDN), and net energy for
maintenance (NEm). Inductively coupled plasma spectroscopy was
used to determine forage P, K, B, Ca, Cu, Fe, Mg, Mn, S, and Zn.

Statistical Analysis

Analyses of variance were conducted with the mixed procedure
of SAS (Littel! et al., 2005) to identify fire and mowing effects.
Ecological site, species, and month were included in the experi-
mental design to broaden applicability of results rather than as
variables of interest for hypothesis testing. Therefore, ecological
site, species, and month were included as random variables in
models of data for which they occurred. We used analysis of vari-
ance models with repeated measures (yr} containing terms for
treatment, yr, and the treatment-by-yr interaction for biomass,
composition, cover, and diversity data. Treatment was the fixed
effect for analysis of variance models testing soil nutrients and
forage quality measures. Statistical significance of tests was
declared at & = 0.05, and interactions were followed by tests of
simple effects. Tests generating P values between 0.05 and 0.10
were reported and discussed as trends.

Results
Biomass and Cover
Current-yr biomass was similar among control, mowed, and

burned treatments (1 003,974, 1022 + 64 kg @ ha~', respectively;
P ~ 0.7538). Despite the similarity in production, mowing shifted
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Figure 1. Functional group composition and non-native compasition across functional
groups and standard errors of the comparison for nontreated control, mowed, and
burned plots, Samples were collected mid-July 2015 and 2016 near Miles City, Mon-
tana. Treatment emeans within a functional group with a commaon letter above bars are
similar (P = 0.05],

functional group composition relative to control and burned plots
by reducing C; perennial grass (P = 0.0029) and increasing forbs (P
< 0.0001; Fiz. 1). No differenices were detected among treatments
for C4 perennial grass (P = 0.7802) or annual grass (P = 0.3725).
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common letter above bars are similar (P > 0.05).



100 LT, Vermeire et al. / Rangeland Ecology & Manegement 73 (2020) 97103

Across functional groups, non-native species were also a larger
component of mowed than control ot burned plots (P = 0.0002).
Driven largely by non-native species, there were trends for greater
species richness {control, 5.6; mowed, 6.4; and burned, 5.6 + 0.4
species; P = 0.0806) and diversity (H' = 1.2823,1.4174, and 1.2685 +
0.0730; P = 0.0858) with mowing. The most common non-native
species were the annuals Bromus japonicus, B. tectorum, Logfia
arvensis, and Tragopogon dubius. Considering only native species,
control, mowed, and burned treatments had similar richness (4.4,
46, and 4.8 + 0.3 species; P = 0.4582) and diversity (H' = 11329,
1.1608, and 1.1737 1 0.0652; P — 0.8151).

Treatment interacted with yr for bare ground (P < 0.0001),
litter cover (P < 0.0001), and old dead mass (P < 0.0001), but fire
had the greatest affect on each (Fig. 2 A -C). Fire increased bare
ground 35%, reduced litter 32%, and eliminated old dead mass the
first growing season. Mowing did not change bare ground the
first growing season, increased litter, and reduced old dead mass
59%. The second growing season after treatment, bare ground
decreased for control and burned plots and was similar between
yrs for mowed plots. Bare ground decreased from burned to
mowed to control plots by the second growing season. The
pattern for litter cover was oppaosite of that for bare ground, with
less litter in mowed plots than controls and less in burned plots
than mowed plots. Litter cover increased between yrs for controls
and decreased in mowed plots, and no change was detected in
burned plots. Old dead mass decreased in control and mowed
plots the second growing season and increased in burned plots to
a similar level as observed in mowed plots, which remained less
than controls.

Soil Nutrients and Forage Quality

Fire more than doubled plant-available soil N compared with
control and mowed treatments, primarily through NO3 (lalie 1)
Similarly, burned plots had more than twice the available S and
there was a trend for more P in soil of burned than control or
mowed plots. Evidence was lacking for fire effects on soil NH4, K, Ca,
Mg, Fe, Mn, Zn, B, or Cu. There was a trend for less Fe in mowed than
control or burned plots, but otherwise no mowing effects were
detected for soil nutrients.

Treatment effects were much broader for forage than soils data,
with mowing affecting 42% of the forage quality variables and
causing an average improvement (relative to animal requirements)
of 2% across all variables. Fire affected 84% of the variables, with an

Table 1

Mean plant-available soil nutrients in nontreated control, mowed, and burned plots
{rom 20 May 2015 to 15 July 2015 (56 d) near Miles City, Montana; standard errors of
the comparison (SEc); and P values for tests of treatment effects. Means within an
element are similar when followed by a common letter (P > 0.05). Significant P
values are bolded.

Element Control Mowed Burned SEc P value
pg @ 10 cm 2 Burial period '
N 2241 2298 b 4895 a 6.60 0.0002
NO, 2023 b 2076 b 4724 a 6,52 0.0002
NH4 1.84 a 181a 178 a 0.i7 09334
r 723 b 7.39b 98932 1.31 0.0883
K 83.00 a 94.62 a 105.52 a 13.01 0.2389
Ca 1 867.50 a 181979 a 175936 a 13149 0.7142
Mg 50771 a 508.79 a 48843 a 3235 0.7795
5 974 h 984b 2025 a 3.39 0.0043
Fe 641 a 516 b 6.59 a 0,68 0.0853
Mn 2453 227 252a 0.22 0.5126
Zn 0.60a 068a 085 a 0.14 0.2012
B 047 a 044a 0423 0.11 0.8976
Cu 0.16a 0.15a 0193 0.04 0.5775
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Figure 3. Farage nutrient concentration means lor A, N and K; B, P, Ca, Mg, and §; and
€, Fe, Mn, Zn, and Cu and standard errors of the comparisen for nonteeated control,
mowed, and burned plots sampled June and July 2015 near Miles City, Montana.
Treatment means within an element with a comman letter above bars ace similar (P =
0.05).

average improvement of 12%. Relative to controls, mowing
increased P (P < 0.0001) and K (P < 0,0001) and had no detected
effects on other elements {Fiz. 3 A C). Fire increased forage con-
centrations of N (P < 0.0001), K (P < 0.0001), P(P < 0.0001),5{P <
0.0001), Fe (P < 0.0001), Mn (P = 0.0003), and Cu (P < 0.0001)
relative to controls and mowed plots and increased Mg (P = 0.0346)
compared with controls. No differences were detected among
treatments for Ca (P = 0.8296) or Zn (P — 0.1069). Forage nutrient
concentrations were positively but not strongly correlated with 7 of
the 12 respective soil nutrients, with correlation coefficients
ranging from 0,31 to 0.54 (Fi;. 4). For the N forms, soil NOs was
positively related to forage N (r = 0.48; P = 0.0013), but soil NH,4
was not (r = - 0.26; P = 0.1026).

Mowing reduced forage ADF (P < 0.0001) and NDF (P < 0.0001)
=0.9% and 0.6%, and fire reduced both measures 2.0% and 2.5%
(Fiz. 5). In conjunction with reduced fiber fractions, treatment
increased TDN (P < 0.0001), IVNDFD {P < 0,0001), and IVDMD (P <
0.0001), with mowing increasing each = 1.1%, 3.0%, and 2.2% and
fire increasing each 2.1%, 7.6%. and 6.7%, respectively. Net energy for
maintenance was greater after mowing and greater still after fire
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Flgure 4, Coefficients for correlations between soil nutrient availability and above-
ground vegetation nutrient concentration sampled June and July 2015 near Miles City,
Montana. Asterisks denote P values < 0.05,

(1.23, 1.25, and 1.28 + 0.01 Mcal @ kg~ '; P < 0.0001). Gas pro-
duction data indicated greater asymptotic gas production in burned
plots than controls and a greater fractional fermentation rate in
burned plots than in controls or mowed plots (Table 2). No differ-
ences were detected among treatments for the lag time between
introduction of inoculum and the beginning of gas production.

Discussion

Early spring mowing caused changes in functional group
composition and diversity and improved some measures of forage
quality, whereas spring fire did not alter functional group compo-
sition or diversity. However, fire increased bare ground through
litter reduction, increased plant-available soil nutrients, and
improved forage quality of current-yr growth. The hypothesis that
spring fire reduces annual grasses and forbs was not supported by
the data, but results supported the hypotheses that spring fire re-
duces litter and increases bare ground, increases soil nutrient
availability, and increases forage quality to a greater extent than
spring mowing, indicating mowing is not a substitute for fire.

Past work at this location showed that spring fire reduced forb
biomass, annual grass frequency, and litter cover and increased
basal cover of perennial C3 grasses, perennial C4 grasses, and native
species compared with nonburned control (Vermeire and Russell,
2018). Fire and grazing effects on plant community variables can
occasionally be modified by drought conditions (Vermeire et al.,
2008; Vermeire et al., 2014). Summer and fall precipitation were
30% and 43% below the 82-yr average during 2014, and 2015 was
the fifth driest yr overall during the same period. The extended
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Figure 5. Mean acid detergent fiber, neutral detergent fiber, total digestible nutrients,
in vitro neutral detergent fiker disappearance, and in vitro dry matter disappearance
with standard errors of the comparison for nentreated control, mowed, and burned
plots sampled June and July 2015 near Miles City, Montana. Treatment means within a
component with a common letter above bars are similar (P > 0.05).

Table 2

Asymptotic gas production (AGP), fractiona) fermentation rate (k) and Jag time
means, standard errors of the comparison {SEc], and P values for tests of treatment
effects among nontreated control, mowed, and burned plots. Means within a
response variable are similar when followed by a common letter (P > 0.05). Data
were collected June and July 2015 near Miles City, Montana.

Gas production variable Control Mowed  Bumned  SEc P value

AGP(mL ® g~ ") 84.59 b 8763ab 8935a 1.57 0.0102
k(h="} 00367b 0.0382b 004402 00010 «0.0001
lag (h) 167a 1722 184a 009 01415

drought likely reduced annual grass germination in fall 2014 and
spring 2015, thereby reducing overall abundance and muting
treatment effects observed in previous studies. Brome abundance
during an average to above-average precipitation yr would likely be
greatest in mowed plots, due to increased litter {Whisenant and
Uresk, 1990), and least in burned plots due to litter reduction, as
well as plant and seed mortality (Vermeire and Rinella, 2009).

Forb response to fire on northern mixed-grass prairie is variable
(Biondini et al,, 1989; Erichsen-Arychuk et al., 2002; Vermeire and
Russell, 2018). However, past research in our study area has
consistently shown forb abundance decreases after fire (Vermeire
et al., 2011; Strong et al., 2013; Vermeire ot al., 2018), which we
believe is attributable to heat damage to seeds (Vermeire and
Rinella, 2009) and drier soil surface conditions after litter removal.
These observations are largely based on highly ephemeral exotic
annual species, such as Logfia arvensis and Plantago patagonica, that
comprise the majority of the forb community. The increase in forb
frequency in mowed plots could be a function of increased light
availabilicy after defoliation. A similar response (o spring mowing
was observed for Melilotus officinalis (L.} Lam. but not for sites
mowed during August or November {Gates et al., 2017).

The similarity in current-yr biomass among treatments was not
unusual in that past results have generally shown the same for fire
effects, with shifts in species composition, but similar total biomass
(Vermeire et al., 2011; Vermeire and Russell, 2018; Vermeire et al.,
2018). Spring fire and mowing each increased aboveground plant
production in northern mixed prairie with a history of light grazing
utitization, although fire increased production more than mowing
and mowing increased forbs (Gates et al, 2017). In sagebrush
steppe of the Great Basin, fire caused greater shrub reduction and
increased grass biomass compared with mowing (Davies et al.,
2012). It appears, then, that fire has neutral to positive effects on
total productivity and that fire effects tend to exceed mowing ef-
fects. Although mowing has been used to reduce invasive species
(Smith et al, 2018), it commonly increases non-native species
(Gibson et al, 1993; Swanson et al., 2016), as we observed. In
contrast, fire can cause increases in rare species that are not
observed with mowing in fire-prone systems (Weckley et al., 2011).
We did not detect rare native species responding to fire, just the
maintenance of fewer non-native species with fire.

Increases in plant-available soil N have been observed in semi-
arid grasslands (Augustine et al, 2014; Reinhart et al., 2016). The
mechanisms behind N increases after fire are complex and may
include root exudation, plant mortality {e.g., root decomposition),
shifts in the microbial community, and ash deposition. In our study,
fire also increased S and there was a trend for increased P. Others
have shown increased soil N and P after fire and no mowing effect
(Prober et al., 2008), Meta-analysis indicates fire increases P in most
nonconiferous systems (Butler et al., 2018). Previous research
indicated plant production in semiarid northern mixed-grass
prairie may be more limited by P than by N (Reinhart et al., 2016).
Moreover, postfire peaks in available soil P are limited by dry
conditions {Hinojosa et al,, 2016) and semiarid plant communities
are limited in their ability to take advantage of increased soil
nutrient pools in general due to frequent drought conditions, such
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as those duting the study period. Fire-induced increases in soil
nutrient availability did not translate to greater plant production.
Changes in soil nutrient availability were also not well correlated
with forage quality, as observed by others {Een-Shahar and Coe,
1992}, Taken together with the fact that there are numerous in-
teractions among nutrients in soil-plant systems (Fagerda, 2001),
fire effects on soil nutrients do not appear to be good predictors for
fire effects on forage quantity or quality.

Overall diet quality of a plant community depends on forage
quality of individual species, animal preferences, species compo-
sition and time. Therefore, it is important to recognize observed
changes in two of the dominant species because the studied system
is not a comprehensive reflection of potential diet quality. However,
fire in our system reduces Opuntia polyacantha Haw,, Aristida pur-
purea Nutt., annual bromes, and standing dead mass and has
neutral or positive effects on perennial grass production (Vermeire
and Rinella, 2009; Vermeire and Roth, 2011; Vermeire ef al., 2001;
serong et al., 2013), all of which increase forage quality or avail-
ability. In addition, past forage quality work indicates fire can shift
plant nutrient concentrations in poor-quality grass species from
being deficient to meeting animal requirements (Dufck et al., 2014).
Reported fire effects on forage quality have been mixed, but
improvement is often observed (van de Vijver et al,, 1999; Raynor
et al., 2015), Others reported no increases in N concentration of
current-yr growth after spring fire in shortgrass steppe (Augzustine
ct al, 2014) and no N or P increase in live tissue after fire or mowing
in Inner Mongolia (Lii et al. 2012). Fire effects on forage quality
likely depend on species, growing conditions, and plant phenclogy.
Fire had a greater impact on all forage quality variables than
mowing. Even during drought, fire clearly had a greater positive
impact on the nutritional quality of two of the dominant native
species than did mowing. Worth noting, however, is that the
northern mixed-grass prairie evolved with recurrent fire and
grazing. Therefore, in many respects (diversity, dominance, and
annual grass abundance) fire and defoliation effects should be
viewed as complementary (Vermeine el al, 2018) rather than one
being a potential replacement for the other. Mowing is not a sub-
stitute for fire in northern mixed prairie.

Implications

Many rangelands evolved with recurrent fire, grazing, and var-
iable weather. Two of the three, fire and defoliation, can be
manipulated through management and both, operating in tandem,
are likely required to maintain rangeland integrity. Defoliation can
mimic fire in reducing standing biomass and has been successfully
employed for species-sperific management. However, fire effects
are more complex than simply reducing standing biomass.
Mowing-induced changes in functional group composition and
diversity were driven by greater abundance of non-native species.
Mowing increased forage quality, but fire had greater effects on
forage quality in magnitude and scope. Drought likely limited
annual grasses and forbs across treatments, and both functional
groups are generally reduced by fire in northern mixed prairie.
Taken together, results indicate that although mowing can be a
useful management toa), it is not a substitute for the ecological
effects of rangeland fire. Recognizing differences between fire and
mowing or fire and grazing effects is important for designing land
management plans and allows development of strategies that
capitalize on the complementarity of both historical disturbances.
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